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(54) LIGHT-EMITTING DIODE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a light-emitting diode, capable of 
inhibiting the deterioration of a radiant power output and reliability due to an 
impurity diffusion into a light-emitting layer. 

SOLUTION: A second clad layer 18, which has carrier concentration lower than 
that of a third clad layer 20 and to which a similar impurity (Zn) as the third 
clad layer 20 is doped, is formed between the third clad layer 20 and an active 
layer 1 6. Accordingly, the quantity of the impurity (Zn) which diffuse into the 
active layer is made lower than the case, when the third clad layer 20 is 
brought into contact directly with the active layer 1 6, because a diffusion into 
th active layer 1 6 of the impurity (Zn) existing among crystal lattices in the 
third clad layer 20 is inhibited by the second clad layer 18 which is formed 
between the third clad layer 20 and the active layer 16, while the carrier 
concentration in the second clad layer 1 8 is made lower than that in the third 
clad layer 20 and the quantity of the impurity (Zn) existing among the lattices in 
the second clad layer 18 is made smaller than in the third clad layer 20. 
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h - e ^ $ titzm i *3 «t i/m^com 2 o 

£ fix j£ 0 . R3Kft^^^tt«£)£iB£ SBB t <T> 

mzmmth ztizx K>tmxmx'?&iE. LtzX&ti&m 

ME£ 1 ^#JI i: IffiHEXJR t nmz, 151235 1 O* 

mriam 1 co^i^a* k- ey ^sfutai 3 ¥^«cji £is 

(ift*JH2 3 mTlCIS2^<*«tBffie?B^fccoH 
fc. lulSm2co^-^!JTiee e tDt ) ©^^4^ j r »JT 

9*1231 2-¥«fWHi. ffiftt, InGaAlP ^-ffc/£<f$I^f*:T' 
* 1 4 fctt 2 <^)^fcr 4 K . 

[ff£JS4 3 ffiiE3H OTtHWi, pfi«H-«yh 
T*S 8t#B 1 4 fcli 3 v&tftyj 3f- H . 

[S«*3ffl5] WESB3¥WfMli % 0.05J®0.5(/*rt 

[I9*JS6] WE»4^fMKi, 0.05Jlffl>.5</«) 
o?J?:£ Xf&Sf t>fltz tot* 2 4 fcJi 3 «0f£fc 

[000 1] 

[|^<7>,g-f£ftfl5#»] fBC^-f 
(00023 

«Stf4>*ufcJR 1 ¥»*MI4J J:tf»2*iWWifc t*tr 
fc^^fMfloSiflBi: MB offlfciMWa ci (c «fc 

K*»ffl^TV^4. Mil AlGaAsifc. 
GaAsP GaP ^V^fi InGaAlP ^tfHfc^W^ft 

■€-<0— fifgTftS. IMoa*,. InGaAlP ^•fk^-^ 
Sffo&'fcjfcSicOJS, 3Bft£S555 -650 (na)g£ (& 

100033 

[«fl#W8lLJ: o if SiSM] HRt. iffioj: 



[ooo4] LfrLtttf^ -mz. ztit>miimft 
<fc^. i%3etB^*>'«T-r scores, ten. msttos 

[0005] mz, |?IS<7)InGaAlP mt&fa^tmftTte 
*i«r t^FWHrtbSflU* $ * h tiX Ugh<P £ mtf & ^RW 

[0006] UUi^Vffi&W^t LT^$n 

[0007] 

m£m,X'tmz-*tt>ix*zmfecr)micr>*v v rm&t 

J: d tc® 1 cr>7T-imtf H— t 1 ^Sfls 

«*3J:t/Bf^coS2<!D#vUri8«i:^:4J:-5lc;m2<!0 

^^^•-Ktcfcv^-c, (a) mneiBi^^fcf]5ie^ 

«fcwP B 1lc. f)IS^l«O^-\- 1 JTj©gJ:0t.ffi:^^3<73 
* 'J TiSS k tch X o iz mzim 1 <F>?m Wfi H - 1- y 
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[00 08] 

i y-mftmmz&^Ttaikt&FfstzftiEt&m i ^ 

<r>%3 ^mwrnxtw. i *m&mj: owt 1 ; 7&m&& 
< 2tiT%v>ftmza^xi&=Fffi\ l zft&th'm i <n^i& 

1 4^<*=JBJ: 0 h'J?%< ZixX^&Z t Irk. 

*<nm3^&mfrh5£mmzmb-?zw, i <n*mi 
s«±. *<vmi*mwmtfi$tfmizmzi£Lx\^$& 

&sj) { ^%<ztix. -€-n^eB-r^%3tai^fi®tt 

[0009] 

-h«. (b) mam2^m^mtmm^Mtcr>fsnz. 
fnem2<o4f a- y riagi o t <5v>sg4 co* -v y rms 
ttcZko izmzm 2 <7)^fe*< h - f y ^$ix^4 

w,2^mwmt^imt<Dmz, zemzsprnmn* 
■v u Tj!tjrT£>&5S2<7)=^ y T«s<t o t>®v^4^ 

y TmKfc J; -5 (CB 2 co^*e«j# K- 1 

«di£s i ¥m&m t mm t <aatz&m:*&k mm 

ttO&TftMmnH £fT.& . 
[O0io]*fc. Mtli. MBftttJI* MBS 

&J:lWKJ|t2¥aMcW*. MfiilnGaAlP ^ 
fc^flj***?*,*. i<0±3fTiXtr. InGaAlP 

(wfi< -f4;fc*>fc:-HMrlHE» 1 <7)=*+ y TjfflKiSVMi 
S 2 <Z>* * y 7 jftJ£#i5 < 3: £ i: ft fc. ^ft. 

£2coT^coft*>*£<S:£. d<75^tcfcv^T. 

i ¥^*^fo b b estate . 

tifltfj J: tflg 2 <OTOeftj5f%fc»l*i fcffilW £ - *W 



[ooin amziz. msmi^mm. p 

i»K-/^hT*i. - co J: dtc-mif. ffl^HMc 

^frSt JBtSt costs l co^ltfltjtf) h -tr^g 
*«£*Sr < 5 tuzm 3 *#f*:»* { fiS i htv h . *<o?t» , 
-5-C03S 1 ^N»MHc*JV^15fJtOS[ 1 <0^-v 'J T?gg$r 
#S^y>t^1?jco K-ty^fflU ^T*i*Sflat?¥tt 
1 ^^Wftfty* < «r4 «^ t i> , «?l8Pft«8i 
*A^*^*3¥#WMS:.k ^-CfBKS^coS 1 co^*£ 
fecO&tfa&*WS!l$iiS Zbfrh. *cr>m 1 c0^ftcol£ 

[0012] ifc. ifiStCJi. BUI2S3^#:S(i. 0. 
«atU. B9fBS4^ft®{i, 0.05A£0.5(ju a )<OJ9 

$-Cgft^>ii/itcoTi>.5. dcoidt-mif. ^3* 

<±m2^*s*^%3iyirt^cos i co^umm^im 
2 <r>^H®nt&m.i+ttizwfflu%£®mT+Mzm< 

mefttitjft^, S3-^*flt>j;^S4^*ii(± 

<is ClcoSfiin[<7)S3^«=Jii5j:^4^«cJi*f5r 

t « i ^ftafcj: tf» 2 3im***»4, ^s^co^f$ 
M&&zwffl?zmmtvkb''&hix%<%?>tztt>. mm 

C0J9 $ {i±ieco®H^*if 4 L\v7)X'h 6 . 
[00 13] 4fc % JfiStJi. HiTiaS3^«:JlfeJ:Lf 

S4^Hs««, ^-fi^h.^^ y rmaufii xio" (« 

" 3 ) felTfc $*14. Cic0i:^t-rntt\ ^^yTjftg*5 
[00 14] 

iRwnmtun&m.} kit. *«"H<o-idtwi*iaffliS: 

«-gpco^ftJtlPli*-r L t JEB&lzlmfrtiX v "> v \. 
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-Y 1 OJi. Wi.{f*«^JR^ffixtr^df->- (MOVPE 
: Metal Organic Vapor Phase Epitaxy ) ffi^<0«t< 

&£:i*-£t>tLtzm i;77K114, vS&S 16. SP2 

fjb 1 8. ^3 ? y -/ h'M2 o . a xz/nsatm 

I22t, SMI 2c7)T®fcJ:Vmg5f£l5cJ12 260±ffl 
i^tL^txSm^ iitzT&m& 2 4 J: tf±gff®6& 2 6 
fc*>£>fSj£$ftTU£. 

[0016] ±iecOS«l 2J±, CTxtf350(//Hi)S«^ 
/?5c7)n-GaAs#fef B *^figS^^#«£T-#)0, nl 

tizzbizx^x^vrmigm xio 18 (cm-3) gjg 

i: £ixT ^6 . £ fc; 31 1 7 5 «* KJf 1 4 fi. . W£ tfl 
( M m) SJKcOJ?§ cOn-I n 0 . 5 (Ga 0 . 4 Al 0 . 6 ) o. s P SUSS** 
^*rt;-£*#«W»rCfc 0 . ti-meO Y-K>b T'$> SSe 

-r'JTi&g*^ xlOi' (cm-3) nBZtZtlX\^&. ± 
tZ. iS&Ml 6<i. i5Hi.{f0.5(xtm)gjg«OJl$tfOun-In 
o . s (Ga 0 . 9 Al o . , ) o . 5 PtttgA* & J£ & ^*«|*#*"CJb 

V\ ^^SfeW^^Tti. ±M<D%i\9 y y YM 1 4*< 
®2^f*JiC nSc7)K->^>hT3b^Se*^2cO^ 

(cm- 3 ) aarcfcs. 

[00 1 73 4fc, 12^7 7 Kill 8ii. Mi.lft = 
0.2(>ui«)^JScOJp:$cOp-In () . 5 (Ga 0 . 4 Al l ,. 6 ) () . 5 P JjlfSJl, 

frt?f&.ut-&m*mftx'h*) , pgjoK-^vr-T'&s 

Zn (ESS) LT H-rSilS i fc lz X o T* 

■t U TiftgA<7 xio" (c»-3) SSt^ilTV^. Z<7) 
&2?7-, Yfgl 8li. 'JT«K*5«^Ct*^a 
«1 2 J ^iOJftcJtKUTfii5t«t* f S<^oTV^* 1 . 

-Hl 0£f*=<O®ia<i (^U-XfiSt) «?&t'»<^ro 
TV>&V\ f3^77 KJl20<i. UUfflUm) 

gjgcom$<7)p-ln 0 . 6 (Ga 0 . 4 Al 0 . , ) 0 . 5 P 
ik-^J^^T*) 0 . P m<7) K - > f V h T*#> h Znff^tt 
1fabLXY-yZti&ZbizJ:~>X*rVTi&m&5 x 
10" (cm-3) W&bZtLZM. Ltzifi-oX. —M^M 
fi&2 4„ 2 6mzm%(r>®9)W££e(itU-rZ>Ztlz&-? 
X'im.mi 6Xft±Z<tt>tL&mZ. jfcH*%40<nin) g 
m.CD*SWtt%h . 3*2?7-y h'Jfl 8fc553? 

7 •/ k « 2 o t «± . * 'j r«K*«»5r h mtvmwk 
-&fy¥mfafrt>mf$.ztix^&z tfrh . ^i4%<ovse 

rmnittf* - v 'J Tiftgott H JE t fc o -c. 2 
Hill 8tc«-f§^*5!ih'-h->^aii^3^7 
KJI2 0£*^&TOHIlK-e>?'lJ: Q{,^<^ 

#31 3 , ^ 3 ? 7 Kfl^JS 1 ¥«ftJ| 13 . 



SL. ^3<0^-vUTigJg{±7 XIO 16 (cm-3) gjg ^ 
l^^'JTiga:(i5 XIO" (cm-3) g^r&;b*>fil2 

o^-ir y rmmtmmzztix^h. 

[0 0 18] i^:. n&tik®M2 2{i. mtii5{nmm 

cit(cj:-7-c^f-vi;riiie*>*i xio 18 (cm-3) 

*VO->£„ d^aa£Uc^2 2i&fiS«-rSGaP JipT«3l£ 

iiztLizmft>tiz>zbtc<. %mx<mffi28Mfrt. 

[0 0 19] ^7t. H?ie<7)T^m@2 4{±, Hilfl^ 

1 2ffl*^)«(=Au-Ge^ N Nifeil^AuA^Jg^Sn 
tzi>ff)Z'h&. ±gi5WS2 6»±, M^.tfl(/ia)S .'. 

s<7)^§-c*->T. mmiLmm 2 2 cmm 2 8 o**^ 

fcfcV^T^«omgSS£U«2 2fflg*»^ia(CAu-Zn^i3j; 
t^Au*i®^m$iX7ttc7)T'*)S. d^f>TSP«S2 4 
fcJ:y r ±SgB@2 6<iMir*>7j— 5 7?tit^S. 
[0020] l;l±.cr>£ 5 tCfllfiS:$ixl.%*r'f F 1 
Ofi. LT r- 'J^f-;L-**y>A (T 

MG) . bVX^>VT)is$.—*7J± (TMA) . Mi^f- 
My if'} A (TMI ) . T^v-^ (AsH 3 ) . &£T/tK 
AyjyWs ) . pMiOH-^Oh^fc Lt->'xf 
/WSIfi (DEZ) > n m<F> Y—*y t-J/XbtX^Uy 
fc*m (H 2 Se) JrfflV^, MOVPESiatCjioTS^l 

2 ±.izm i?77h'iu ^smstjii:^ 2 2 zmm 

miz&^x, #«^ffl^jc5tT*fi B B B^*^ai*i^A 
ztiziB>m#xcowmi5Jizs&iti)em85.zi\& b* 
^-a^stttii^+yra^tjtELTK-vN-vf 

m%&tt9*is^)\s*7^&nhtihZbbtch. 
[002 1 ] -£LT. ±3Z.cr>£r>l l zLX'&hixtz<}^ 

<nm&izmuT&n&. 2Aak tf±.&w& 2 s 

L. lEtc. i/yfizj: -.xm^emityi Ktc 

^iei-& f - •/ r«»tc«»rf s z b iz x 0 , nm<7>f&er 

■i ^—Y 1 0* { f#^.ns. ^iffe. WJC^-f 3f-K 1 0 
te. ffH^tfES L^^TO 18 7 5 7 hXf A¥(:r-f 
^y^-f y7ZtlR-o*>->\s$titzimX'±UWm2 6 
tciEmES:. Tg?«fii2 4{cmmE^^ft-ea6ro!lPLT 

[0 02 2] m2*5±X/m3\±. IM^ft? 

A Y 1 0 co^ttlf . * 2 ^ 5 v HiB 1 8 1 

^i-^^-^S^^^* { ISIt<bnTV->5rV^ft!>{il5l^ 

X'hZ. HtctiV^T r Oj li*3ltfePll0567\:^>f *-F 
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zti& x o ^ *$mm<r)?iit?-i *- h i o tift 

t>1\Z>. tti. i3fi, SBfc^tf-Ftc&^LTjBS 
Lfc*^)«*aj*«asft:*. *D«je£lOO(%) tLT 
fflitfiT'^L^i.^T'Ji.s. 3f^yfeM(=j:^i.tir. 1000 

fc»U -4 X— FT'li. 10 (BftSD SJ£?> 

3SBBI«T't»i!B<i*««l3Caj*fiET* c *t. 1000 (ft 
IS) BJJBHSBMWStfBeajAsSrao (%) SSiTffi 

[00231 ttb-h. xmrnmizxtii* . $3 ? ? <y 

H*2 0fcfiS1tJil6fc«)iat, *?>fll3??'yFJ|2 

0 J: *) i>ffiv**f -v l> T«KTH««:^t«i (Zn) *>* F— 
ey^S*ut:*2 ^ 9 -y F« 1 8#3f?4;h.&. -£<D£ 
*37 5-yKtf2"0fc«tt»16fc«IBK=R*t6ft 
Jt-e<7)IB2 ^ 5 -y FBI 8{cJroT. 
JB2 0|«lt:tJV^TttJMSflaKH5Fart-*3p|eill (Zn) *>' 

m27 7 y FJf 1 8'M$f 3 ? 5 -y FJI2 0 i 0 -V 'J 

(Zn ) mtm39 77KI2Oi0 fc;J«fir< 
TV^^t^, ^3 7 5-yKI2 0^ffittai6 

tffll (Zn) S*^<$flS. Lfc**->T, vStt« 1 6 

[0 0 24] LA»t. *3Ett0fc:&*vCtt» »17 9«y 
FJf 1 4. ffittI16, 43j:tfm3?7-y FJf 20te. 
<5tfxtInGaAlP SWfcdWNWtrC**. ^cOInGaAlP % 

i&UZ\tfrt>. Rfty-i F 1 OcOiftf^mff^BTSW 
Cffi< -t&tizlhlizm&nt ad|!l,»2?57Kil 

4. 2 0O**Uritt&;aK fcftb.. 

i u rauat wi* 2 <r>** >j rmm* 

»4fcftta««r3RWft F— < ^->T , 

3^5-yFJi20*Jj:t«Bl^5-yHJI14rt(=lSV^T 
ftflatffflrt-S^Wth (ZnfcitfSe) 

5. £<»*£fc:*jvvc, SSttll 6t^3?57 FJB2 
0 fcOBWc, -?-<OSS3 ?77Kf 20J: 1 ) *>^I#Hj F- 
t ^T'a^-^v ^2?77 FJf 1 8 *«iStt <r t 
izXK). TWV» (Zn) A 5 vSi4fli 6f*qtcte^c-r-S»c: t*< 

*Stt<0 (£T A*± t ^ !t I nGaAl P ^t^^fr^ £> 



ISTjWWH 3*1.4. 

[002 5] ifc. *$mmztsuxte. mt?M2?7 
■v F/f 1 8li. t =O.2(/iii)e*0)J*STSttMlTV* 
*. -t-OJtK). ^2^5-y FJIl 80J£3U; % 13^7 
>y FJB2 Oft>£?£ttJI 1 6FW>TOtf* (Zn) <7>J£ii$r 
+4Hzmi Ltt&fiHT+ftKflK £ilTU4 ,1 1 A> 

mm&oi&TiWfflLiL nfmsjicoi&kizmm-tz 

WWffOJJfiWWI S ft. £ . 

[0026] ifjSCCJi. mS&2? 7 y FJf 1 8 
tt. *+yrjftK*^ XIO'S (cb-3) WKbZtlT^ 
4. ^r-v U Tig^+THcffiK SiiT^S CI 

t*^>®2^77HI18 rtiC^it LWSlS^ItPFM 
ttKiH-^fcilwOf < $ ftT . -e<7)^*«%i0ig14® 1 6 |*l 

6. 

[0027] iXtC. *9H»Of6<OSdfe0i|^Km-2. * 

[ o o 2 8 ] 04 « % luieia 1 0)9m&ti6ti>m»i 
7?v vm 1 8imw iatvr . » 1 ^ 5 »/ f« 1 4 

1iM 1 6 1 <nmiZf£4 9 =7 ••/ KJI 3 0 f>flT W 

?77F|30I1, «itjr, t=0.2(^m)SJgcOff$cO 
n-In 0 . 5 (Ga 0 . 4 A1 0 . 6 ) 0 . 5 P mH&frtitfLhitSWtmft 
X'h 0 . n Sc7) F-M'V hf£ SSej&CFttijjj fc LT F- 

rsiiiitfci-sT^-iryTawbw xio 16 (cm- 3 ) 
4 j: 0 {,+#cftt ^ + u rmrnx'+ftizm v 

l£$^.T^4. ^HifcfiWciJVvCti. ^1^77^11 
4 1 ^^»®IC . «4 ^ ? v FS 3 0 3^f* 

Scffi^L. ffi3o^^yr«ftii7 xio 16 («■») s 

•y F« 1 4 A(=«Rtr&«7BPf Iflb (Se) ^'«tt® 1 

i ^nwmi t ftmt. nmizmi t>tix lxw 
xhh. 

[ o o 2 9 ] H5fi, w.iz&<r>mmzwm-?ztz#>cr> 
0T'ib->T, mAiznm-hmx'hb. *mmmiz}5\^ 
t{4. si?77Kii4 timm 1 6 t<orai-m4^ 

7-/FB3 0*\ 13 77 7 FJB2 0fciSttfll 6fc*5 
l3t:SS2^ 5 ••/ FJ1 1 8***ii-fiia(tfe*i-Cv»4. i 
il^>^4 7 7 "/ FJS3 0*JJ:^*2^9 7 FJBl 8li, 

mem 1 a xim4 t=aaa$n>i: ratti t*>T& 
s*itv^. *sasflf!t:*iv^T«. mi 7 7 -/vm 1 4 
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fc. ^3;77KIS20^m«:Il;, 3?4?7-y 
FJI3 0^4*®(*«(c-5-ix-?fLfflS-r^. CltfOJ: 0 

O^ntl^m^Z^th^W^ (Zn N Se) *tC, ?gtt 
116 P^tcidltJt-r 5;t* ! S4^77K130 g£V>«SS 
2?77F@18 K J: oT-€-ft.«UW9Sft*.fe», — 

[0030] JjLh, *SKfl<r)-iatWI«:Bnii*«HLT 
SMHtcSWLfcA*. *IHB«JSfc:i(I<?3JB«-C«i5atS*t 
4. 

[0031] «itf , Sat«t*iV^T«, *JM8*«InGa 
A1P S^A^^oflBSOfKty-f 1 0(3ififfl§ 

tlfZ^iZ-O^XmPMLf^H)^ InGaAs^, AlGaAsi^ Ga 
AsP^<7>fl!i^^y;l^.T-o^iteo5l3fc^ F^K 

[ 0 0 3 2 3 £fc. mmWlZ&^m, £K 1 2#&As 
fc^¥Wffo&»6«WcS*i4i:£fc:, «^Jj£bW12 2A< 
GaP fc£WfsWfteft»6«M£;&fu nScDF-^KfcL 

: P ^InP «a*JflV*4>:h.TfcJ:<. 4fc. «80Kttli2 2 
fc LTlilnGaAlP ft*WP«t**MaAlAs«36«fflV\6<lT 

T fc J: < . Pl<?) H-/^ F t LT«Hg*WSv *6ivt 
4>J:v>. 

[0033] it. msmx-im i ?7 y fji i inm 
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